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(57) ABSTRACT 

A Semiconductor device with a thin film having a high 
dielectric constant and uniform film thickness. The Semi 

conductor device comprises, in an embodiment, an electrode 
which is made of a metal or a metal nitride and which is 

formed on a silicon layer via a dielectric film. The dielectric 
film has a multi-layer Structure comprising an amorphous 
oxide film on the Side of the Silicon layer and a metal oxide 
film on the side of the electrode. In another embodiment, the 
Semiconductor device comprises an electrode which is made 
of Silicon (Si) or a silicon germanium (SiGe) and which is 
formed on a Silicon layer via a dielectric film. In Such case, 
the dielectric film has a multi-layer Structure comprising a 
first amorphous oxide film on the Side of the Silicon layer, a 
Second amorphous oxide film on the Side of the electrode, 
and a metal oxide film between the first and Second amor 
phous oxide films. 
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SEMCONDUCTOR DEVICE WITH THIN FILM 
HAVING HIGH PERMITTIVITY AND UNIFORM 

THICKNESS 

FIELD OF THE INVENTION 

0001. The present invention relates generally to a semi 
conductor device which includes a thin film having a high 
permittivity or dielectric constant, a method of manufactur 
ing the Same, and an apparatus for forming a thin dielectric 
film having high permittivity. 

BACKGROUND OF THE INVENTION 

0002 Asilicon oxide film has widely been used as a gate 
insulating film of a MOSFET (Metal-Oxide-Semiconductor 
Field-Effect Transistor). This is because, the silicon oxide 
film has a high Stability in a manufacturing process thereof 
and a good insulating characteristic. Recently, Since a Semi 
conductor device becomes more and more minute and 
highly integrated, it is required that thickness of the gate 
insulating film is further reduced. Therefore, from the 
requirements according to a Scaling law, it becomes neces 
Sary to form the Silicon oxide film in a thickness of Several 
nanometers or Smaller. However, when Such Silicon oxide 
film having an extremely Small thickneSS is used as the gate 
insulating film, a tunnel current when a gate bias Voltage is 
applied becomes a value which is not negligible with respect 
to a Source/drain current, and becomes a hindrance to 
obtaining a high performance and a low power consumption 
of a MOSFET 

0003. Therefore, as a method of reducing an effective 
film thickness of a gate insulating film and of Suppressing 
the tunnel current, a method is considered in which, in place 
of the Silicon oxide film having a relative dielectric constant 
of 3.9, thin film material having a relative dielectric constant 
equal to or larger than 6 is used as the gate insulating film. 
Candidates for Such thin film material having a high dielec 
tric constant include Al-O, ZrO or HfO2, oxides of rare 
earth elements such as YO, and the like, and oxides of 
lanthanoid elements. 

0004. Here, with reference to FIG. 9 and FIG. 10, an 
explanation will be made on conventional MOSFETs which 
use the abovementioned thin film material having a high 
dielectric constant. FIG. 9 is a cross sectional view of an 
example of a conventional MOSFET which uses thin film 
material having a high dielectric constant. FIG. 10 is a cross 
sectional view of another example of a conventional MOS 
FET which uses thin film material having a high dielectric 
COnStant. 

0005) The MOSFET shown in FIG. 9 has a silicon 
Substrate 1 in which Source and drain regions 2 are formed 
and on which a gate insulating film 18 is formed. The gate 
insulating film 18 is made of aluminum oxide (AlO) which 
is an amorphous oxide. On the gate insulating film 18, a gate 
electrode 5a made of a metal is formed. Also, the MOSFET 
shown in FIG. 10 has a silicon Substrate 1 in which Source 
and drain regions 2 are formed and on which a gate 
insulating film is formed. The gate insulating film has two 
layer structure made of a silicon oxide film 17 which is 
formed on the Silicon Substrate 1 and a Zirconium oxide 
(ZrO2) film 19 which is a crystalline oxide and which is 
formed on the silicon oxide film 17. On the Zirconium oxide 
film 19, a gate electrode 5a made of a metal is formed. 
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0006. In the above-mentioned structures, by using alu 
minum oxide (Al2O) having a relative dielectric constant of 
approximately 10 or by using Zirconium oxide (ZrO2) hav 
ing a relative dielectric constant of 25, it is possible to 
decrease an SiO2 reduced film thickness, when compared 
with the structure in which the insulating film is constituted 
only by using the Silicon oxide film. 
0007 Each of the above-mentioned thin film materials 
having high dielectric constant has Superior characteristics 
as a gate insulating film. However, the crystalline oxide Such 
as Zirconium oxide (ZrO2) having a large relative dielectric 
constant has a problem that, when a film of Such crystalline 
oxide is formed directly on a silicon (Si) Substrate, the film 
is islanded, that is, the crystalline oxide forms many Separate 
island like portions, and it is impossible to obtain the film 
having a uniform film thickness. Therefore, in order to use 
Such crystalline oxide as a material of the gate insulating 
film, it is necessary to form, as shown in FIG. 10, the silicon 
oxide film 17 at the interface between the silicon Substrate 
1 and the film of Such crystalline oxide, i.e., the Zirconium 
oxide (ZrO) film 19. 
0008. However, when the silicon oxide film 17 which has 
a very low relative dielectric constant compared with that of 
the crystalline oxide is formed at the interface, an effective 
insulating film thickness, that is, a reduced film thickness 
increases. Also, Since the Silicon oxide film 17 is pervious to 
oxygen, oxygen is Supplied to the Silicon Substrate 1 via the 
Silicon oxide film in a heat treatment process thereafter and 
the Silicon oxide film grows. Therefore, for example, even if 
it is desired to form an insulating film having a reduced film 
thickness of approximately 1 nm (10 angstroms), the Silicon 
oxide film 17 grows to a film thickness of approximately 0.6 
nm (6 angstroms) and it becomes impossible to form a gate 
insulating film having a desired film thickness and having 
desired characteristics. 

0009. In order to solve such problem, it is also possible 
to use amorphous metal oxide Such as aluminum oxide 
(Al2O) in place of the crystalline oxide. The amorphous 
metal oxide Such as aluminum oxide (Al2O) can be directly 
formed on the silicon substrate 1. However, although the 
relative dielectric constant of the amorphous metal oxide is 
larger than that of the silicon oxide film 17, the relative 
dielectric constant of the amorphous metal oxide is at most 
approximately 10, and is considerably lower than that of the 
crystalline oxide Such as Zirconium oxide (ZrO). Therefore, 
it is difficult to cope with further miniaturization of semi 
conductor devices hereafter. 

0010 Also, in case the crystalline oxide such as zirco 
nium oxide (ZrO) is formed via the silicon oxide film 17, 
when the gate electrode formed on the crystalline oxide is 
made of Si or SiGe, a reducing atmosphere in forming a Si 
or SiGe film acts on grain boundary of ZrO2 and, thereby, 
ZrO, is partially reduced. Also, in an impurity ion implan 
tation proceSS or an annealing proceSS performed on Si or 
SiGe, there is a possibility that Zr and Si react with each 
other and, as a result thereof, the capacitance of a capacitor 
using Such dielectric film is deteriorated and a leakage 
current increases due to short-circuiting. 
0011 Further, the above-mentioned problems occur not 
only in the gate insulating film of the MOSFET, but also in 
a capacitor insulating film used in a Semiconductor memory 
device such as a DRAM (Dynamic Random Access 
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Memory) device and the like. That is, in the semiconductor 
memory device such as the DRAM and the like, according 
to an increase in a degree of integration of the device, it is 
desired to increase the capacitance of each capacitor to 
improve Soft error immunity and the like, although the area 
that can be occupied by the capacitor becomes increasingly 
Small. 

0012. As a method of increasing the capacitance of a 
capacitor, there is known a technology of forming HSG 
(Hemi-Spherical Grains) in the capacitor, and the like. By 
using the HSG technology, it is possible to form a capacitor 
which comprises capacitor electrodes each having twice the 
area of a flat capacitor electrode. However, it is still impos 
Sible to Sufficiently increase an integration degree of the 
DRAM device only by increasing the area of each capacitor 
electrode. Therefore, in order to cope with an increase in an 
integration degree of the DRAM device, a method is con 
sidered in which the above-mentioned material having a 
high dielectric constant is used for forming a capacitor 
insulating film. However, when the capacitor has a structure 
in which the crystalline oxide is formed on a lower electrode 
made of polycrystalline Silicon (polysilicon) or in which an 
upper electrode made of polycrystalline Silicon is formed on 
the crystalline oxide, there arise the problems as follows. 
That is, the crystalline oxide can not be formed directly on 
the lower electrode, or, when the upper electrode is formed 
on the crystalline oxide, the insulation capacity is deterio 
rated. 

SUMMARY OF THE INVENTION 

0013 Therefore, it is an object of the present invention to 
provide a Semiconductor device having a thin film which has 
a high dielectric constant and has Sufficient performance for 
use in a high density integrated circuit device, and to provide 
a method of manufacturing Such Semiconductor device. 
0.014. It is another object of the present invention to 
provide a Semiconductor device having a thin film which has 
a high dielectric constant and has Sufficient performance as 
a gate insulating film of a MOSFET, a capacitor insulating 
film of a DRAM device or the like having a high integration 
degree, and to provide a method of manufacturing Such 
Semiconductor device. 

0.015. It is still another object of the present invention to 
provide a Semiconductor device having a thin film which has 
a high dielectric constant and has a uniform thickness for use 
in a high density integrated circuit device, and to provide a 
method of manufacturing Such Semiconductor device. 
0016. It is still another object of the present invention to 
provide a film forming System for efficiently forming a thin 
film which has a high dielectric constant and a uniform film 
thickneSS and which has Sufficient performance for use in a 
high density integrated circuit device. 
0.017. It is still another object of the present invention to 
obviate the disadvantages of the conventional Semiconduc 
tor device with a thin film having a high dielectric constant 
and the conventional method of manufacturing Such Semi 
conductor device. 

0.018. According to an aspect of the present invention, 
there is provided a Semiconductor device comprising: a 
Silicon layer; and an electrode which is made of a metal or 
a metal nitride and which is formed on the Silicon layer via 
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a dielectric film interposed therebetween; wherein the 
dielectric film has a multi-layer Structure comprising an 
amorphous oxide film on the Side of the Silicon layer and a 
metal oxide film on the side of the electrode. 

0019. In this case, it is preferable that the amorphous 
oxide film is made of a metal oxide Selected from a group 
including at lease Al-O. 
0020. It is also preferable that the thickness of the amor 
phous oxide film is in a range of 2-20 angstroms. 
0021. It is further preferable that the thickness of the 
amorphous oxide film is in a range of 5-10 angstroms. 
0022. It is advantageous that the metal oxide film com 
prises a Stack of one or more films of materials Selected from 
a group consisting of ZrO2, HfC), TiO, Ta-Os, BST, STO, 
PZT and mixtures of these materials with Al-O. 
0023. It is also advantageous that the thickness of the 
metal oxide film is in a range of 10-50 angstroms. 
0024. It is further advantageous that the metal oxide film 
or the amorphous oxide film disposed on the Side of the 
Silicon layer is formed by using an ALD System. 
0025. It is preferable that the dielectric film is formed as 
a gate insulating film of a MOSFET in the semiconductor 
device. 

0026. It is also preferable that the semiconductor device 
is a DRAM device and the dielectric film is formed as an 
insulating film of a capacitor of the DRAM device. 
0027 According to another aspect of the present inven 
tion, there is provided a Semiconductor device comprising: 
a Silicon layer; and an electrode which is made of Silicon (Si) 
or Silicon germanium (SiGe) and which is formed on the 
Silicon layer via a dielectric film interposed therebetween; 
wherein the dielectric film has a multi-layer Structure com 
prising a first amorphous oxide film on the Side of the Silicon 
layer, a Second amorphous oxide film on the Side of the 
electrode, and a metal oxide film interposed between the first 
and Second amorphous oxide films. 
0028. In this case, it is preferable that the first amorphous 
oxide film is made of a metal oxide Selected from a group 
including at least SiO, and Al-O, and wherein the Second 
amorphous oxide film is made of a metal oxide Selected from 
a group including at least Al-O. 
0029. It is also preferable that the thickness of the first or 
Second amorphous oxide films is in a range of 2-20 ang 
StromS. 

0030. It is further preferable that the thickness of the first 
or Second amorphous oxide films is in a range of 5-10 
angStroms. 

0031. It is advantageous that the metal oxide film com 
prises a Stack of one or more films of materials Selected from 
a group consisting of ZrO, HfC), TiO, Ta-Os, BST, STO, 
PZT and mixtures of these materials with Al-O. 
0032. It is also advantageous that the thickness of the 
metal oxide film is in a range of 10-50 angstroms. 
0033. It is further advantageous that the metal oxide film 
or at least the first amorphous oxide film disposed on the Side 
of the Silicon layer is formed by using an ALD System. 
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0034. It is preferable that the dielectric film is formed as 
a gate insulating film of a MOSFET in the semiconductor 
device. 

0035) It is also preferable that the semiconductor device 
is a DRAM device and the dielectric film is formed as an 
insulating film of a capacitor of the DRAM device. 

0036). According to still another aspect of the present 
invention, there is provided a method of manufacturing a 
Semiconductor device having a Silicon layer, an electrode 
which is made of a metal or a metal nitride and which is 
formed on the Silicon layer via a dielectric film interposed 
therebetween, wherein the dielectric film has a multi-layer 
Structure comprising an amorphous oxide film on the Side of 
the silicon layer and a metal oxide film on the side of the 
electrode, Said method comprising: before forming the 
amorphous oxide film, terminating the Surface of the Silicon 
layer with hydrogen; and after Separating hydrogen from the 
Surface of the Silicon layer, forming the amorphous oxide 
film on the Silicon layer. 
0037. In this case, it is preferable that the separating 
hydrogen from the Surface of the Silicon layer and the 
forming the amorphous oxide are performed within a com 
mon chamber. 

0.038. It is also preferable that the amorphous oxide film 
is made of a metal oxide Selected from a group including at 
least Al-O. 
0039. It is further preferable that the metal oxide film 
comprises a Stack of one or more films of materials Selected 
from a group consisting of ZrO2, HfO, TiO, Ta-Os, BST, 
STO, PZT and mixtures of these materials with Al-O. 
0040. It is advantageous that the metal oxide film or the 
amorphous oxide film disposed on the Side of the Silicon 
layer is formed by using an ALD System. 

0041. It is also advantageous that the dielectric film is 
formed as a gate insulating film of a MOSFET in the 
Semiconductor device. 

0042. It is further advantageous that the semiconductor 
device is a DRAM device and the dielectric film is formed 
as an insulating film of a capacitor of the DRAM device. 

0043. According to still another aspect of the present 
invention, there is provided a method of manufacturing a 
Semiconductor device having a Silicon layer, an electrode 
which is made of silicon (Si) or silicon germanium (SiGe) 
and which is formed on the silicon layer via a dielectric film 
interposed therebetween, wherein the dielectric film has a 
multi-layer Structure comprising a first amorphous oxide 
film on the Side of the Silicon layer, a Second amorphous 
oxide film on the side of the electrode, and a metal oxide film 
interposed between the first and Second amorphous oxide 
films, Said method comprising: before forming the first 
amorphous oxide film, terminating the Surface of the Silicon 
layer with hydrogen; and after Separating hydrogen from the 
Surface of the Silicon layer, forming the first amorphous 
oxide film on the Silicon layer. 

0044) In this case, it is preferable that the separating 
hydrogen from the Surface of the Silicon layer and the 
forming the first amorphous oxide film are performed within 
a common chamber. 
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0045. It is also preferable that the first amorphous oxide 
film is made of a metal oxide Selected from a group 
including at least SiO2 and Al-O, and wherein the Second 
amorphous oxide film is made of a metal oxide Selected from 
a group including at least Al2O3. 

0046. It is further preferable that the metal oxide film 
comprises a Stack of one or more films of materials Selected 
from a group consisting of ZrO2, HfO, TiO2, Ta-Os, BST, 
STO, PZT and mixtures of these materials with Al-O. 
0047. It is advantageous that the metal oxide film or the 

first amorphous oxide film disposed on the Side of the Silicon 
layer is formed by using an ALD System. 

0048. It is also advantageous that the dielectric film is 
formed as a gate insulating film of a MOSFET in the 
Semiconductor device. 

0049. It is further advantageous that the semiconductor 
device is a DRAM device and the dielectric film is formed 
as an insulating film of a capacitor of the DRAM device. 

0050. According to still another aspect of the present 
invention, there is provided a System for forming a dielectric 
film comprising: a heating chamber portion for Separating 
hydrogen which terminates a Surface of a workpiece of a 
Semiconductor device; and a film forming chamber portion 
for forming the dielectric film on the surface of the work 
piece on an atomic layer level; wherein the heating chamber 
portion and the film forming chamber portion communicate 
with each other, and a process of Separating hydrogen from 
the Surface of the workpiece and a process of forming the 
dielectric film on the Surface of the workpiece can be 
performed continuously. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0051. These and other features, and advantages, of the 
present invention will be more clearly understood from the 
following detailed description taken in conjunction with the 
accompanying drawings, in which like reference numerals 
designate identical or corresponding parts throughout the 
figures, and in which: 

0052 FIG. 1 is a cross sectional view illustrating a 
schematic structure of a gate portion of a MOSFET in a 
Semiconductor device according to a first embodiment of the 
present invention; 

0053 FIG. 2A through FIG.2D are cross sectional views 
each illustrating a structure of a workpiece of the MOSFET 
shown in FIG. 1 during a process of manufacturing the 
Same, 

0054 FIG. 3 is a cross sectional view illustrating a 
schematic structure of a gate portion of a MOSFET in a 
Semiconductor device according to a Second embodiment of 
the present invention; 

0055 FIG.4A through FIG.4E are cross sectional views 
each illustrating a structure of a workpiece of the MOSFET 
shown in FIG. 3 during a process of manufacturing the 
Same, 

0056 FIG. 5A through FIG. 5C are partial cross sec 
tional views illustrating various other Structures of gate 
portions of MOSFETs according to the present invention; 
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0057 FIG. 6 is a cross sectional view illustrating a 
Schematic Structure of a capacitor portion of a DRAM 
device according to a third embodiment of the present 
invention; 
0.058 FIG. 7A through FIG.7D are cross sectional views 
each illustrating a structure of a workpiece of the capacitor 
shown in FIG. 6 during a process of manufacturing the 
Same, 

0059 FIG. 8 is a cross sectional view showing a sche 
matic Structure of an ALD System according to a fourth 
embodiment of the present invention; 
0060 FIG. 9 is a cross sectional view showing an 
example of a conventional MOSFET which includes a thin 
dielectric film having a high dielectric constant; and 
0061 FIG. 10 is a cross sectional view of another 
example of a conventional MOSFET which includes a thin 
dielectric film having a high dielectric constant. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

0062) A semiconductor device including a thin film hav 
ing a high dielectric constant according to the present 
invention has, as an embodiment thereof, a two layer Struc 
ture comprising a first dielectric film which is formed on a 
Silicon (Si) Substrate or layer and which is made of amor 
phous oxide Such as aluminum oxide (Al2O3) and the like 
and a second dielectric film which is formed on the first 
dielectric film and which is made of crystalline oxide or 
metal oxide Such as Zirconium oxide (ZrO2), hafnium oxide 
(H?O), and the like. On Such two layer structure, an 
electrode made of a metal and the like is formed. In other 
embodiment, a Semiconductor device including a thin film 
having a high dielectric constant according to the present 
invention has a three layer Structure further comprising a 
third dielectric film which is formed on the above-mentioned 
Second dielectric film and which is made of amorphous 
oxide Such as aluminum oxide (Al2O) and the like. Further, 
an electrode made of a metal, Silicon (Si) and the like is 
formed on the three layer Structure. In this way, by inter 
posing amorphous oxide between metal oxide and Silicon 
(Si), it is possible to form a film of metal oxide with uniform 
film thickness. It is also possible to SuppreSS reaction 
between Zr and the like and Si in a reducing atmosphere 
when forming an electrode and/or in a impurity ion implan 
tation process and a heat treatment process. Thereby, it is 
possible to avoid an increase in a leakage current and a 
decrease in capacitance. 
0.063) Now, with reference to the drawings, the above 
mentioned embodiments of the present invention will be 
explained in more detail. 

0064 Embodiment 1 
0065. With reference to FIG. 1 and FIGS. 2A-2D, an 
explanation will be made on a Semiconductor device includ 
ing a thin film having a high dielectric constant, and on a 
method of manufacturing Such Semiconductor device, 
according to the first embodiment of the present invention. 
FIG. 1 is a croSS Sectional view illustrating a Schematic 
structure of a gate portion of a MOSFET in the semicon 
ductor device according to the first embodiment of the 
present invention. FIG. 2A through FIG. 2D are cross 
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Sectional views each illustrating a structure of a workpiece 
of the MOSFET shown in FIG. 1 during a process of 
manufacturing the same. In the following, an explanation 
will be given on an example in which a thin film having a 
high dielectric constant and having a Stacked Structure is 
applied to a gate insulating film of a MOSFET. Since 
portions other than a gate portion has a structure Similar to 
those of a general MOSFET, an explanation thereof is 
omitted here. 

0066. As shown in FIG. 1, the MOSFET according to the 
present embodiment has a gate insulating film which has a 
multi-layer Structure and which is formed on a Silicon 
Substrate 1. A gate electrode Sa made of a metal is formed 
on the gate insulating film. The gate insulating film com 
prises a first dielectric film 3 which is formed on the silicon 
(Si) Substrate 1 and which is made of amorphous oxide, in 
this case, amorphous metal oxide, Such as aluminum oxide 
(Al2O3) and the like and a second dielectric film 4 which is 
formed on the first dielectric film 3 and which is made of 
metal oxide Such as Zirconium oxide (ZrO2) and the like. 
The Silicon Substrate 1 also has Source/drain regions 2 
formed on both sides of the gate electrode Saby implanting 
predetermined impurity into the Silicon Substrate 1. 
0067. As described above in the “Background of the 
Invention”, when a film of the crystalline oxide or metal 
oxide Such as Zirconium oxide (ZrO2) and the like having a 
high dielectric constant is formed directly on the Silicon 
Substrate, the film is islanded, and it is impossible to obtain 
the film having a uniform film thickness. Therefore, in the 
prior art, the crystalline oxide was formed on the Silicon 
Substrate via a silicon oxide film. However, when the silicon 
oxide film exists between the crystalline oxide film and the 
Silicon Substrate, the relative dielectric constant of the 
dielectric film having a multilayer Structure becomes much 
reduced as a whole, and it becomes impossible to obtain a 
desired performance as a gate insulating film. 
0068. On the other hand, the inventor of the present 
invention has confirmed that a film of the crystalline oxide 
or metal oxide Such as ZrO2 can not be formed directly on 
the silicon Substrate 1 with uniform thickness, but the film 
of the crystalline oxide or metal oxide Such as ZrO2 can be 
formed flat on the amorphous oxide Such as Al-O and the 
like without islanding the film and with uniform thickness. 
By using a structure in which the amorphous oxide Such as 
Al-O and the like is interposed between the Silicon Sub 
strate 1 and the film of the metal oxide such as ZrO2 and the 
like, it is possible to form the film of the metal oxide on the 
Silicon Substrate 1 without using a Silicon oxide film. 
0069. In the above structure, since the relative dielectric 
constant of Al-O is relatively large when compared with 
that of the Silicon oxide film, it is possible to decrease a 
reduced film thickness of the Stacked film as a whole. Also, 
Since an Al-O film is hard to transmit oxygen, even in a high 
temperature atmosphere in which the metal oxide and/or the 
gate electrode is formed on the Al-O film, oxygen is not 
supplied to the silicon Substrate 1. Therefore, it is possible 
to Suppress formation of a Silicon oxide film at the interface 
between the Al-O film and the Silicon Substrate 1, and to 
obviate the problem of the prior art example that a film 
thickness of the Silicon oxide film increases. 

0070. With reference to the drawings, an explanation will 
now be made on an exemplary method of forming the gate 
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insulating film having the above-mentioned multi-layer 
structure. FIG. 2A through FIG. 2D are cross sectional 
Views each illustrating a Structure of a workpiece obtained 
during a process of forming a MOSFET including the gate 
insulating film having the abovementioned multi-layer 
Structure. 

0071 First, by using a Local Oxidation of Silicon 
(LOCOS) method, a Shallow Trench Isolation (STI) method 
or the like, an element isolation insulating film (not shown 
in the drawing) is formed on a Silicon Substrate 1. Then, at 
an area isolated by the element isolation insulating film, the 
silicon Substrate 1 is treated by Diluted Hydrofluoric Acid 
(DHF), and thereby the surface of the silicon substrate 1 is 
terminated by hydrogen. This treatment for terminating the 
surface of the silicon Substrate 1 by hydrogen avoids for 
mation of an oxide film at the Surface of the Silicon Substrate 
1, and maintain the Surface of the Silicon Substrate 1 in clean 
condition. FIG. 2A shows a condition after the treatment by 
DHF. 

0.072 The workpiece is then introduced into an Atomic 
Layer Deposition (ALD) system which is also called an 
Atomic Layer Epitaxial Growth (ALE) System, and heated 
at a temperature of, for example, approximately 400 C. to 
Separate hydrogen from the Surface of the Silicon Substrate 
1. Thereafter, Al(CH), and O or HO are introduced as 
material gases into the ALD System, and an Al-O film 3 is 
formed as a first dielectric film to a film thickness of 2-20 
angstroms (0.2-2 nm), preferably to a film thickness of 5-10 
angstroms (0.5-1 nm), at a temperature of approximately 
300 C. FIG. 2B shows a condition after forming the Al-O 
film 3. The Al-O film 3 functions as a seed layer for a ZrO. 
film formed thereon, and also functions as oxygen barrier. 
Thereby, it becomes possible to avoid growth of a silicon 
oxide film at the interface of the Silicon Substrate 1 during a 
heat treatment process thereafter. 

0073. The Al-O film can also be formed by using a 
thermal CVD method or a sputtering method. However, 
Since the relative dielectric constant of the Al-O is rela 
tively small when compared with that of the crystalline 
oxide, it is necessary to form the film of Al-O as thin as 
possible and uniformly. Therefore, it is preferable that the 
AlO film is formed by using the ALD system. 
0074 Then, ZrC1, and O or HO are introduced as 
material gases into the ALD System, and the ZrO2 film 4 as 
a second dielectric film is formed to a film thickness of 
10-50 angstroms (1-5 nm), at a temperature of approxi 
mately 300° C. FIG.2C shows a condition after forming the 
ZrO film 4. When growing the ZrO2 film 4, the Al-O film 
functions as a Seed layer, So that the ZrO2 film 4 can be 
formed uniformly on the Al-O film and it is possible to 
avoid islanding of ZrO which occurs when the ZrO2 film 4 
is formed directly on the silicon substrate 1. 

0075 Since the ZrO film 4 has a larger film thickness 
than that of the Al-O film, it is possible to form the ZrO. 
film 4 not only by using the ALD method, but also by using 
the thermal CVD method or the sputtering method. Also, the 
film thickness of the ZrO film 4 may be appropriately 
adjusted taking the film thickness of the lower Al-O film 
into consideration Such that the multi-layer film has a 
desired performance as a whole. In case an HfO2 film is 
formed in place of the ZrO2 film 4, it is possible to use 
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HfCl4, and O or HO are introduced as material gases and 
to form the HfO film, at a temperature of approximately 
300° C. 

0076. Thereafter, a film of a metal or metal nitride such 
as titanium nitride (TiN), aluminum (Al), ruthenium (Ru) 
and the like is formed by sputtering on the ZrO film 4. The 
film formed in this way, the ZrO film (second dielectric film 
4) and the Al-O film (first dielectric film 3) are patterned 
one after another by using a known lithography technology 
and an etching technology to form a gate portion of the 
MOSFET which includes a gate electrode 5a. FIG. 2D 
shows a structure after forming the gate portion. Then, 
predetermined impurity ions are implanted into the Silicon 
substrate 1 on both sides of the gate portion to form 
Source/drain regions 2. 
0077. In this way, according to the gate structure of the 
MOSFET according to the present embodiment and the 
method of manufacturing the same, when forming a metal 
oxide film Such as the ZrO2 film and the like having a high 
relative dielectric constant, an amorphous dielectric film 
Such as the Al-O film and the like is formed as a grounding 
layer. Therefore, the Al-O film functions as a seed layer for 
the ZrO2 film formed thereon, so that it becomes possible to 
form the ZrO film with uniform film thickness. Also, the 
AlOs film functions as Oxygen barrier. Therefore, it 
becomes possible to avoid growth of a Silicon oxide film at 
the interface of the Silicon Substrate 1 during a heat treatment 
process when the ZrO2 film and/or the gate electrode Sa are 
formed thereafter. Further, Since it is not necessary to form 
a Silicon oxide film having a low relative dielectric constant, 
it becomes possible to decrease the reduced film thickness 
and to form a thin film which has a high dielectric constant 
and which has Sufficient performance for use in an integrated 
circuit device having a high integration degree. 
0078 Embodiment 2) 
0079. With reference to FIG. 3, FIGS. 4A-4E and FIGS. 
5A-5C, an explanation will be made on a semiconductor 
device including a thin film having a high dielectric con 
Stant, and on a method of manufacturing Such Semiconduc 
tor device, according to the Second embodiment of the 
present invention. FIG. 3 is a cross sectional view illustrat 
ing a schematic structure of a gate portion of a MOSFET in 
the Semiconductor device according to the Second embodi 
ment of the present invention. FIG. 4A through FIG. 4E are 
croSS Sectional views each illustrating a structure of a 
workpiece of the MOSFET shown in FIG. 3 during a 
process of manufacturing the same. FIG. 5A through FIG. 
5C are partial croSS Sectional views illustrating various other 
structures of gate portions of MOSFETs according to the 
present invention. 
0080. As shown in FIG.3, the MOSFET according to the 
present embodiment has a gate insulating film which has a 
multi-layer Structure and which is formed on a Silicon 
Substrate 1. The gate insulating film comprises a first dielec 
tric film 3 which is formed on the silicon (Si) Substrate 1 and 
which is made of amorphous oxide Such as aluminum oxide 
(Al2O3) and the like and a second dielectric film 4 which is 
formed on the first dielectric film 3 and which is made of 
metal oxide Such as Zirconium oxide (ZrO2) and the like. 
The gate insulating film further has a third dielectric film 6 
which is formed on the second dielectric film 4 and which 
is made of amorphous oxide Such as aluminum oxide 
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(Al2O3) and the like. A gate electrode 5b made of Si, Silicon 
germanium (SiGe) and the like is formed on the gate 
insulating film having the above-mentioned multilayer 
Structure. The Silicon Substrate 1 also has Source/drain 
regions 2 formed on both Sides of the gate portion by 
implanting predetermined impurity into the Silicon Substrate 
1. 

0081. As described above in the explanation of the first 
embodiment, it is impossible to form a flat film of the metal 
oxide Such as Zirconium oxide (ZrO2) and the like having a 
high dielectric constant directly on the Silicon Substrate 1. 
However, a film of the metal oxide such as ZrO can be 
formed flat on the amorphous oxide Such as Al-O and the 
like without islanding the film and with uniform thickness. 
Therefore, in this embodiment, the first dielectric film 3 
made of amorphous oxide Such as Al-O and the like is 
interposed between the silicon Substrate 1 and the film of the 
metal oxide Such as ZrO2 and the like. 
0082 Further, when Si or SiGe is used as the material of 
the gate electrode 5b, if Si or SiGe is directly formed on the 
film of the metal oxide such as ZrO2 and the like, the 
reducing atmosphere in forming a Si or SiGe film acts on 
grain boundary of ZrO2. Thereby, ZrO2 is partially reduced 
and a leakage current increases. Therefore, in the present 
embodiment, the third dielectric film 6 which is made of 
amorphous oxide Such as aluminum oxide (Al2O) and the 
like is further formed on the ZrO2 film, so that the ZrO2 film 
is not exposed directly to the reducing atmosphere in form 
ing the Si or SiGe film and the above-mentioned problem 
can be obviated. 

0.083 With reference to the drawings, an explanation will 
now be made on a method of forming the gate insulating film 
having the multi-layer structure shown in FIG. 3. FIG. 4A 
through FIG. 4E are cross sectional views each illustrating 
a Structure of a workpiece obtained during a process of 
forming a MOSFET including the gate insulating film 
having the multi-layer structure shown in FIG. 3. 
0084. First, in a manner similar to the first embodiment, 
by using the LOCOS method, the STI method or the like, an 
element isolation insulating film (not shown in the drawing) 
is formed on a Silicon Substrate 1. Then, at an area isolated 
by the element isolation insulating film, the Silicon Substrate 
1 is treated by DHF, and thereby the surface of the silicon 
substrate 1 is terminated by hydrogen. This treatment for 
terminating the Surface of the Silicon Substrate 1 by hydro 
gen avoids formation of an oxide film at the Surface of the 
Silicon Substrate 1, and maintain the Surface of the Silicon 
Substrate 1 in clean condition. FIG. 4A shows a condition 
after the treatment by DHF. 
0085. The workpiece is then introduced into the Atomic 
Layer Deposition (ALD) system, and heated at a tempera 
ture of, for example, approximately 400 C. to separate 
hydrogen from the Surface of the silicon Substrate 1. There 
after, Al(CH), and O or HO are introduced as material 
gases into the ALD System, and an Al-O film is formed as 
a first dielectric film 3 to a film thickness of 2-20 angstroms 
(0.2-2 nm), preferably to a film thickness of 5-10 angstroms 
(0.5-1 nm), at a temperature of approximately 300° C. FIG. 
4B shows a condition after forming the Al-O film, i.e., the 
first dielectric film 3. The Al-O film 3 functions as a seed 
layer for a ZrO2 film formed thereon, and also functions as 
oxygen barrier. Thereby, it becomes possible to avoid 

Oct. 24, 2002 

growth of a silicon oxide film at the interface of the silicon 
Substrate 1 during a heat treatment process thereafter. 
0086) The Al-O film can also be formed by using a 
thermal CVD method or a sputtering method. However, in 
order to obtain uniform quality of the film, it is preferable 
that the Al-O film is formed by using the ALDSystem. Also, 
in place of the Al-O film, it is possible to form a very thin 
thermal oxide film having a thickness of 5-10 angStroms on 
the silicon Substrate 1. 

0087. Then, ZrCl, and O or HO are introduced as 
material gases into the ALD System, and the ZrO2 film as a 
Second dielectric film 4 is formed to a film thickness of 
10-50 angstroms (1-5 nm), at a temperature of approxi 
mately 300° C. FIG. 4C shows a condition after forming the 
ZrO film as a second dielectric film 4. Similarly to the first 
embodiment, when growing the ZrO2 film, the Al-O film 
functions as a Seed layer, so that the ZrO2 film can be formed 
uniformly on the Al-O film and it is possible to avoid 
islanding of ZrO which occurs when the ZrO film is 
formed directly on the silicon substrate 1. 
0088 Since the ZrO film has a larger film thickness than 
that of the Al-O film, it is possible to form the ZrO2 film not 
only by using the ALD method, but also by using the thermal 
CVD method or the Sputtering method. 
0089. In the first embodiment mentioned before, a gate 
electrode made of metal or metal nitride is formed on the 

ZrO, film. However, in the present embodiment, the gate 
electrode 5b is made of Si or SiGe and, therefore, the gate 
electrode 5b can not be formed on the the ZrO film directly. 
Therefore, Al(CH), and O or HO are again introduced as 
material gases into the ALD System, and an Al-O film is 
formed as a third dielectric film 6, at a temperature of 
approximately 300° C. FIG. 4D shows a condition after 
forming the Al-O film, i.e., the third dielectric film 6. The 
Al-O film can also be formed by using a thermal CVD 
method or a Sputtering method. Also, the film thickness of 
the Al-O film may be appropriately adjusted Such that the 
multi-layer film has a desired performance as a whole. 
0090 Thereafter, a film of Si, SiGe and the like is formed 
by Sputtering on the Al-O film, i.e., the third dielectric film 
6, and implantation of impurity ions and heat treatment are 
performed. In this case, if the Si, SiGe and the like is formed 
directly on the film of the crystalline oxide such as ZrO and 
the like, the reducing atmosphere in forming the gate elec 
trode acts on grain boundary of ZrO2, and, thereby, ZrO2 is 
partially reduced and a leakage current increases. However, 
in this embodiment, Since the Al-O film is interposed 
between the ZrO and the film of Si or SiGe, it is possible 
to prevent the ZrO2 from being exposed to the reducing 
atmosphere and to Suppress reaction between ZrO and Si. 
Therefore, the abovementioned problems can be effectively 
obviated. 

0091. Then, the film 5b of Si, SiGe or the like, the Al-O 
film (third dielectric film 6), the ZrO film (second dielectric 
film 4) and the Al-O film (first dielectric film 3) are 
patterned one after another by using a known lithography 
technology and an etching technology to form a gate portion 
of the MOSFET which includes a gate electrode 5b. FIG. 4E 
shows a structure after forming the gate portion. Then, 
predetermined impurity ions are implanted into the Silicon 
substrate 1 on both sides of the gate portion to form 
Source/drain regions 2. 
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0092. In this way, according to the gate structure of the 
MOSFET according to the present embodiment and the 
method of manufacturing the Same, when forming the metal 
oxide film Such as the ZrO2 film and the like having a high 
relative dielectric constant, an amorphous dielectric film 
Such as the Al-O film and the like is formed as a grounding 
layer and a protective layer. Therefore, it is possible to form 
the crystalline insulating film such as the ZrO2 film with 
uniform film thickness. It is also possible to Suppress reac 
tion of ZrO2, in a reducing atmosphere when forming a gate 
electrode made of Si or SiGe, and in an impurity ion 
implantation proceSS and a heat treatment process. Thereby, 
it is possible to avoid an increase in a leakage current and a 
decrease in capacitance. 
0093. In each of the above-mentioned embodiments, a 
Structure is explained in which a Silicon oxide film is not 
formed at the interface with a Silicon layer Such as the Silicon 
substrate 1 or the gate electrode 5b made of Si or SiGe. 
However, according to the present invention, for example, 
the first dielectric film 3 made of Al-O which is formed at 
the lower layer functions as oxygen barrier. As a result, a 
Silicon oxide film does not grow at the interface with the 
Silicon layer during a heat treatment process thereafter. 
Therefore, as long as a desired performance can be attained 
as a multi-layer insulating film as a whole, it is possible to 
use a structure in which a Silicon oxide film exists between 
the Silicon layer and the Al-O film. 
0094 FIG. 5A through FIG. 5C are partial cross sec 
tional views each illustrating a variation of a Structure in 
which the silicon oxide film exists between the silicon layer 
and the Al-O film. In the example of FIG. 5A, a silicon 
oxide film 17 is interposed between the silicon Substrate 1 
and the first dielectric film 3 of the structure shown in FIG. 
1. In the example of FIG. 5B, a silicon oxide film 17 is 
interposed between the silicon substrate 1 and the first 
dielectric film 3 of the structure shown in FIG. 3. In the 
example of FIG. 5C, silicon oxide films 17 are interposed 
between the silicon Substrate 1 and the first dielectric film 3 
and between the third dielectric film 6 and the gate electrode 
5b of the structure shown in FIG. 3. 

0.095 Also, in each of the above-mentioned embodi 
ments, a dielectric film having a multi-layer Structure is used 
as a gate insulating film of a MOSFET. However, the present 
invention is not limited to Such embodiments, but can be 
applied to any Semiconductor device which requires a 
dielectric film having a high relative dielectric constant. For 
example, a dielectric film having a high dielectric constant 
according to the present invention can be applied to an 
insulating film of a capacitor used in a DRAM device and 
the like, as shown in a third embodiment mentioned below. 

0096 Embodiment 3) 
0097. With reference to FIG. 6 and FIGS. 7A-7D, an 
explanation will be made on a Semiconductor device includ 
ing a thin film having a high dielectric constant, and on a 
method of manufacturing Such Semiconductor device, 
according to the third embodiment of the present invention. 
FIG. 6 is a cross sectional view illustrating a schematic 
Structure of a capacitor portion of a DRAM device according 
to the third embodiment of the present invention. FIG. 7A 
through FIG. 7D are cross sectional views each illustrating 
a structure of a workpiece of the capacitor shown in FIG. 6 
during a process of manufacturing the same. In the present 
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embodiment, the multi-layer Structure of the insulating film 
mentioned above with respect to the first and Second 
embodiments is applied to a capacitor of a DRAM device, 
particularly to a capacitor having a Semiconductor Insulator 
Semiconductor (SIS) structure in which each of an upper 
electrode and a lower electrode formed on both sides of a 
dielectric film is made of a Semiconductor Such as polycrys 
talline Silicon (polysilicon) and the like. 
0098. As shown in FIG. 6, the capacitor of the DRAM 
device according to the present embodiment has an insulat 
ing film 8 formed on a silicon substrate 1. The insulating film 
8 has a plug 7 which fills an opening of the insulating film 
8. On the insulating film 8 in an area including the plug. 8, 
there is disposed a lower electrode 9 made of polycrystalline 
Silicon into which impurities are doped and the like. On Such 
lower electrode 9, there is formed a multi-layer dielectric 
film which comprises first, second and third dielectric films 
3, 4 and 6, and which has a Stacked Structure shown in the 
Second embodiment mentioned above. That is, the multi 
layer dielectric film has a structure in which AlO4/ZrO2/ 
Al-O films are Stacked. Further, on Such multi-layer dielec 
tric film, an upper electrode 10 is formed which is made, for 
example, of polycrystalline Silicon into which impurities are 
doped. 
0099. With reference to the drawings, an explanation will 
now be made on a method of fabricating the capacitor of the 
DRAM device shown in FIG. 6. FIG. 7A through FIG. 7D 
are croSS Sectional views each illustrating a structure of a 
Workpiece obtained during a process of fabricating the 
capacitor having the multi-layer insulating film shown in 
FIG. 6. Portions other than the capacitor may have the same 
Structure as that of a general DRAM device, and, therefore, 
an explanation thereof is omitted here. 
0100 First, as shown in FIG. 7A, a silicon Substrate 1 on 
which a transistor not shown in the drawing is formed is 
prepared. On the Silicon Substrate 1, an insulating film 8 is 
formed, and a predetermined opening is formed. Then, 
polycrystalline Silicon which contains impurities is depos 
ited by using, for example, a CVD method, and thereby the 
opening is filled with the polycrystalline Silicon. Also, 
polycrystalline Silicon deposited on portions other than the 
opening is removed by dry etching. Thereby, the plug. 7 is 
formed as shown in FIG. 7A. 

0101 Then, as shown in FIG. 7B, on the insulating film 
8 and the plug. 7, polycrystalline Silicon into which impu 
rities are doped is deposited by using, for example, a CVD 
method and the like, and the film of the deposited polycrys 
talline silicon is patterned to form a lower electrode 9. 
Thereafter, the Surface of the lower electrode 9 is terminated 
by hydrogen, by DHF treatment. 
0102) The workpiece is then introduced into the ALD 
System, and heated at a temperature of, for example, 
approximately 400 C. to separate hydrogen from the Sur 
face of the lower electrode 9. Thereafter, similarly to the 
Second embodiment mentioned above, an Al-O film is 
formed as a first dielectric film 3 to a film thickness of 2-20 
angstroms (0.2-2 nm), preferably to a film thickness of 5-10 
angstroms (0.5-1 nm). Then, a ZrO2 film as a second 
dielectric film 4 is formed to a film thickness of 10-50 
angstroms (1-5 nm). Further, an Al-O film is formed as a 
third dielectric film 6 to a predetermined film thickness. 
0103) The Al-O films can be formed by using Al(CH), 
and O or HO as material gases at a temperature of 
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approximately 300° C. The ZrO2 film can be formed by 
using ZrCl, and O or H2O as material gases at a tempera 
ture of approximately 300° C. In order to obtain uniform 
quality of the film, it is preferable that the Al-O film as the 
first dielectric film 3 is formed by using the ALD system. 
With respect to the ZrO film and the Al-O film as the third 
dielectric film 6, it is possible to form these films not only 
by using the ALD method, but also by using the thermal 
CVD method or the Sputtering method. 
0104. Thereafter, as shown in FIG. 7D, polycrystalline 
silicon is deposited by using a CVD method, and then 
implantation of impurity ions and heat treatment are per 
formed. Also, by using a known lithography technology and 
an etching technology, the polycrystalline Silicon film is 
patterned to form an upper electrode 10. Thereby, the 
capacitor of the DRAM device according to the present 
embodiment is formed. 

0105. In this way, according to the capacitor structure of 
the DRAM device according to the present embodiment and 
the method of manufacturing the Same, when forming the 
metal oxide Such as the ZrO2 film and the like having a high 
relative dielectric constant, an amorphous dielectric film 
Such as the Al-O film and the like is formed as a grounding 
layer and a protective layer. Therefore, it is possible to form 
the crystalline insulating film such as the ZrO film with 
uniform film thickness. It is also possible to Suppress reac 
tion of ZrO2, in a reducing atmosphere when forming the 
upper electrode 10 made of polycrystalline Silicon, and in an 
impurity ion implantation process and a heat treatment 
process. Thereby, it is possible to avoid an increase in a 
leakage current and a decrease in capacitance. 

0106. In the above-mentioned embodiment, an SIS struc 
ture is explained in which each of the upper electrode 10 and 
lower electrode 9 of the capacitor is made of semiconductor 
Such as polycrystalline Silicon and the like. However, the 
present invention can be applied to a structure in which at 
least one of the upper electrode 10 and lower electrode 9 is 
made of polycrystalline Silicon. For example, when poly 
crystalline silicon is used for forming the lower electrode 9, 
it is possible to interpose the first dielectric film 3 made of 
Al-O between the lower electrode 9 and the ZrO film, so 
that the ZrO2 film can be formed with uniform film thick 
neSS. Also, when polycrystalline Silicon is used for forming 
the upper electrode 10, it is possible to interpose the third 
dielectric film 6 made of Al-O between the upper electrode 
10 and the ZrO film, so that the reaction between ZrO and 
polycrystalline Silicon can be Suppressed and avoid an 
increase in a leakage current and a decrease in capacitance. 

0107. In the above-mentioned first through third embodi 
ments, Al2O is used for the amorphous dielectric film and 
ZrO is used for the crystalline insulating film. However, the 
present invention is not limited to these embodiments. It is 
also possible to use a composite dielectric material Such as 
Al-O to which HfO2, ZrO2, La O, Y-O and the like is/are 
added for the amorphous dielectric film. Further, it is pos 
sible to use HfC), TiO, Ta-Os, BST (barium strontium 
titanate), STO (strontium titanate), PZT (lead zirconate 
titanate) and the like for the crystalline insulating film. 
0108 Embodiment 4 
0109). With reference to FIG. 8, an explanation will be 
made on a new ALD System for forming a thin film having 
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a high dielectric constant, according to the fourth embodi 
ment of the present invention. FIG. 8 is a cross sectional 
View showing a Schematic Structure of the new ALDSystem. 
The ALD System according to the present embodiment can 
be used for forming the thin film having a high dielectric 
constant shown in the embodiments 1-3 described above. 

0110. To realize a minute MOSFET, to improve insula 
tion resistance of an insulating film of the MOSFET and to 
increase capacitance of a capacitor of a DRAM device, the 
present invention provides a dielectric film having a multi 
layer Structure and having a high dielectric constant which 
is formed as a film having Small and uniform film thickness. 
Especially, it is preferable that the thickness of the first 
dielectric film 3 made of Al-O which becomes the ground 
ing layer is controlled precisely at an order of angstroms, 
such that the reduced film thickness of the multi-layer film 
as a whole can be decreased and the film thickness of the 
crystalline insulating film Such as the ZrO2 film formed on 
the grounding layer becomes uniform. Therefore, in order to 
form such film, it is preferable to use the ALD system which 
can control the film thickness on an atomic layer level. When 
the Al-O film is formed on the Silicon Substrate by using the 
ALD System, it is necessary to Separate hydrogen which 
terminates the Silicon Surface, from the Silicon Substrate. 

0111 Separation of hydrogen from the silicon Substrate is 
performed, for example, at a temperature atmosphere of 
400 C. or higher, in a hydrogen separating process. On the 
other hand, a process of forming the Al-O film is performed 
at a temperature of approximately 300° C. If these processes 
are to be performed continuously by using a conventional 
ALD equipment, it is necessary to first raise a temperature 
of a workpiece to 400 C. or higher to perform the hydrogen 
Separation process, and thereafter to wait until the tempera 
ture of the workpiece falls to approximately 300° C. to 
perform the process of forming the Al-O film. Therefore, in 
case a Series of these processes is performed every wafer, the 
number of proceSS Steps in the ALD System increases and a 
cost of a Semiconductor device increases. 

0112 In order to solve such problems, the ALD system 
according to the present invention comprises, as shown in 
FIG. 8, a workpiece storing chamber portion 13, a reaction 
chamber portion 12 and a hydrogen Separating chamber 
portion 11 which communicate with each other. The work 
piece Storing chamber poprtion 13 Stores workpieces before 
processing and after processing. The reaction chamber por 
tion 12 is a chamber for forming a film of a predetermined 
material, and has a similar structure of a conventional ALD 
System. The hydrogen Separating chamber portion 11 is a 
chamber for Separating hydrogen from the Surface of the 
Silicon Substrate 1 and the like, and has a heating lamp 16 for 
heating a workpiece in the chamber 11. The ALD system of 
FIG. 8 also comprises a transporting System not shown in 
the drawing which transports the workpieces, for example, 
from the workpiece Storing chamber portion 13, to the 
hydrogen Separating chamber portion 11, to the reaction 
chamber portion 12 and again to the workpiece Storing 
chamber portion 13. The ALD system of FIG. 8 further 
comprises a vacuum pump System 14, a reaction gas Sup 
plying system 15 and the like as in the conventional ALD 
System. 

0113. In the ALD system of FIG. 8, a workpiece is first 
transported from the workpiece Storing chamber portion 13 
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to the hydrogen Separating chamber portion 11, and is heated 
by the heating lamp 16 to perform hydrogen Separation 
process at a temperature of, for example, 400° C. Then, the 
Workpiece is transported to the reaction chamber portion 12 
and the dielectric film is formed on the workpiece at a 
temperature of, for example, 300° C. Therefore, the hydro 
gen Separation proceSS and the film forming process which 
are to be performed at different temperatures can be per 
formed continuously without exposing the workpiece to the 
external atmosphere. Also, by providing different chamber 
portions for performing a pretreatment proceSS and for 
performing a film forming process, it is becomes possible to 
perform different processes continuously without waiting 
until the temperature for each process Settles to a desired 
value and within the same vacuum condition. Therefore, it 
is possible to decrease the number of processes in fabricat 
ing a Semiconductor device, and to decrease manufacturing 
costs of the Semiconductor device. 

0114. In the above, an explanation was made on the ALD 
System. However, the present invention can be applied to 
any other film forming System in which a film forming 
proceSS and a pretreatment proceSS Such as a hydrogen 
Separating proceSS and the like are performed at different 
temperatures. Especially, the present invention is Suitably 
used for a film forming System in which the temperature of 
the pretreatment process Such as the hydrogen Separating 
proceSS and the like is higher than the temperature of the film 
forming process. For example, the present invention can also 
be applied to a low pressure CVD System, an atmospheric 
pressure CVD System, a plasma CVD System, an epitaxial 
growth System and the like. 

0115 According to the present invention, in a semicon 
ductor device including a thin film having a high dielectric 
constant and a method of manufacturing the Same, the thin 
film having a high dielectric constant has, as an embodiment 
thereof, a two layer Structure comprising a first dielectric 
film which is made of amorphous oxide Such as aluminum 
oxide (Al2O3) and the like and a Second dielectric film which 
is made of metal oxide Such as Zirconium oxide (ZrO2), 
hafnium oxide (H?O), and the like. In other embodiment, 
the thin film having a high dielectric constant has a three 
layer Structure further comprising a third dielectric film 
which is formed on the abovementioned second dielectric 
film and which is made of amorphous oxide Such as alumi 
num oxide (Al2O3) and the like. Therefore, it is possible to 
form a crystalline oxide film without islanding the film and 
with uniform film thickness. It is also possible to avoid an 
increase in the SiO2 reduced film thickness. 

0116. The reason for this is as follows. The Al-O film 
functions as a Seed layer for the ZrO2 film, and, therefore, it 
is possible to grow the ZrO2 film uniformly. Also, the Al-O 
film functions as an oxygen barrier and, therefore, oxygen is 
not Supplied to the Silicon Substrate or the polycrystalline 
Silicon film. Therefore, it is possible to SuppreSS formation 
of a silicon oxide film at the interface between the Al-O film 
and the Silicon Substrate and the like. 

0117. Also, by using the three layer structure comprising 
amorphous oxide Such as aluminum oxide (AlO) and the 
like/metal oxide Such as Zirconium oxide (ZrO2) and the 
like/amorphous oxide Such as aluminum oxide (Al2O) and 
the like, it is possible to Suppress an increase in a leakage 
current and a decrease in a capacitance value. 
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0118. The reason for this is as follows. By disposing the 
Al-O film on the ZrO2 film, it is possible to prevent the 
ZrO, film from being exposed to a reducing atmosphere 
when a polycrystalline Silicon layer or SiGe layer is formed 
thereafter. It is also possible to SuppreSS reaction between Si 
and Zr in an impurity ion implantation proceSS and a heat 
treatment process. 

0119 Further, according to the film forming system for 
forming a thin film having a high dielectric constant of the 
present invention, it is possible to decrease the number of 
process Steps in a hydrogen Separating process and a thin 
dielectric film forming process, and to decrease manufac 
turing costs of a Semiconductor device. 
0120) This is because, in the ALD system according to 
the present invention, a hydrogen Separating chamber por 
tion is additionally provided adjacently to a reaction cham 
ber portion, and, in the hydrogen Separating chamber por 
tion, hydrogen is separated from the Silicon Substrate and the 
like by using, for example, a heating lamp. Workpieces are 
transported one after another from the hydrogen Separating 
chamber portion to the reaction chamber portion. Therefore, 
even if heating temperatures differ between the hydrogen 
Separating process and the film forming process, it is not 
necessary to wait until each temperature is Settled to a 
desired value, but it is possible to perform the processes 
continuously. 
0121. In the foregoing specification, the invention has 
been described with reference to specific embodiments. 
However, one of ordinary skill in the art appreciates that 
various modifications and changes can be made without 
departing from the Scope of the present invention as Set forth 
in the claims below. Accordingly, the Specification and 
figures are to be regarded in an illustrative Sense rather than 
a restrictive Sense, and all Such modifications are to be 
included within the scope of the present invention. There 
fore, it is intended that this invention encompasses all of the 
variations and modifications as falling within the Scope of 
the appended claims. 

What is claimed is: 
1. A Semiconductor device comprising: 
a Silicon layer; and 
an electrode which is made of a metal or a metal nitride 

and which is formed on the Silicon layer via a dielectric 
film interposed therebetween; 

wherein the dielectric film has a multi-layer Structure 
comprising an amorphous oxide film on the Side of the 
Silicon layer and a metal oxide film on the Side of the 
electrode. 

2. A Semiconductor device as Set forth in claim 1, wherein 
the amorphous oxide film is made of a metal oxide Selected 
from a group including at lease Al-O. 

3. A Semiconductor device as Set forth in claim 2, wherein 
the thickness of the amorphous oxide film is in a range of 
2-20 angstroms. 

4. A Semiconductor device as Set forth in claim 2, wherein 
the thickness of the amorphous oxide film is in a range of 
5-10 angstroms. 

5. A Semiconductor device as Set forth in claim 1, wherein 
the metal oxide film comprises a Stack of one or more films 
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of materials Selected from a group consisting of ZrO2, HfO2, 
TiO, Ta-Os, BST, STO, PZT and mixtures of these mate 
rials with Al-O. 

6. A Semiconductor device as Set forth in claim 5, wherein 
the thickness of the metal oxide film is in a range of 10-50 
angStroms. 

7. A Semiconductor device as Set forth in claim 1, wherein 
the metal oxide film or the amorphous oxide film disposed 
on the side of the silicon layer is formed by using an ALD 
System. 

8. A Semiconductor device as Set forth in claim 1, wherein 
the dielectric film is formed as a gate insulating film of a 
MOSFET in the semiconductor device. 

9. A semiconductor device as set forth in claim 1, wherein 
the semiconductor device is a DRAM device and the dielec 
tric film is formed as an insulating film of a capacitor of the 
DRAM device. 

10. A Semiconductor device comprising: 
a Silicon layer; and 
an electrode which is made of silicon (Si) or silicon 
germanium (SiGe) and which is formed on the Silicon 
layer via a dielectric film interposed therebetween; 

wherein the dielectric film has a multi-layer Structure 
comprising a first amorphous oxide film on the Side of 
the Silicon layer, a Second amorphous oxide film on the 
Side of the electrode, and a metal oxide film interposed 
between the first and Second amorphous oxide films. 

11. A semiconductor device as set forth in claim 10, 
wherein the first amorphous oxide film is made of a metal 
oxide Selected from a group including at least SiO2 and 
Al-O, and wherein the Second amorphous oxide film is 
made of a metal oxide Selected from a group including at 
least Al-O. 

12. A Semiconductor device as Set forth in claim 11, 
wherein the thickness of the first or Second amorphous oxide 
films is in a range of 2-20 angstroms. 

13. A Semiconductor device as Set forth in claim 11, 
wherein the thickness of the first or Second amorphous oxide 
films is in a range of 5-10 angstroms. 

14. A semiconductor device as set forth in claim 10, 
wherein the metal oxide film comprises a Stack of one or 
more films of materials Selected from a group consisting of 
ZrO, HfO, TiO, Ta-Os, BST, STO, PZT and mixtures of 
these materials with Al-O. 

15. A semiconductor device as set forth in claim 14, 
wherein the thickness of the metal oxide film is in a range 
of 10-50 angstroms. 

16. A semiconductor device as set forth in claim 10, 
wherein the metal oxide film or at least the first amorphous 
oxide film disposed on the side of the silicon layer is formed 
by using an ALD System. 

17. A semiconductor device as set forth in claim 10, 
wherein the dielectric film is formed as a gate insulating film 
of a MOSFET in the semiconductor device. 

18. A semiconductor device as set forth in claim 10, 
wherein the semiconductor device is a DRAM device and 
the dielectric film is formed as an insulating film of a 
capacitor of the DRAM device. 

19. A method of manufacturing a Semiconductor device 
having a Silicon layer, an electrode which is made of a metal 
or a metal nitride and which is formed on the Silicon layer 
via a dielectric film interposed therebetween, wherein the 
dielectric film has a multi-layer Structure comprising an 
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amorphous oxide film on the Side of the Silicon layer and a 
metal oxide film on the side of the electrode, said method 
comprising: 

before forming the amorphous oxide film, terminating the 
Surface of the Silicon layer with hydrogen; and 

after Separating hydrogen from the Surface of the Silicon 
layer, forming the amorphous oxide film on the Silicon 
layer. 

20. A method of manufacturing a Semiconductor device as 
Set forth in claim 19, wherein the Separating hydrogen from 
the Surface of the Silicon layer and the forming the amor 
phous oxide are performed within a common chamber. 

21. A method of manufacturing a Semiconductor device as 
set forth in claim 19, wherein the amorphous oxide film is 
made of a metal oxide Selected from a group including at 
least Al-O. 

22. A method of manufacturing a Semiconductor device as 
set forth in claim 19, wherein the metal oxide film comprises 
a Stack of one or more films of materials Selected from a 
group consisting of ZrO2, HfO, TiO, Ta-Os, BST, STO, 
PZT and mixtures of these materials with Al-O. 

23. A method of manufacturing a Semiconductor device as 
set forth in claim 19, wherein the metal oxide film or the 
amorphous oxide film disposed on the Side of the Silicon 
layer is formed by using an ALD System. 

24. A method of manufacturing a Semiconductor device as 
set forth in claim 19, wherein the dielectric film is formed as 
a gate insulating film of a MOSFET in the semiconductor 
device. 

25. A semiconductor device as set forth in claim 19, 
wherein the semiconductor device is a DRAM device and 
the dielectric film is formed as an insulating film of a 
capacitor of the DRAM device. 

26. A method of manufacturing a Semiconductor device 
having a Silicon layer, an electrode which is made of Silicon 
(Si) or silicon germanium (SiGe) and which is formed on the 
Silicon layer via a dielectric film interposed therebetween, 
wherein the dielectric film has a multi-layer Structure com 
prising a first amorphous oxide film on the Side of the Silicon 
layer, a Second amorphous oxide film on the Side of the 
electrode, and a metal oxide film interposed between the first 
and Second amorphous oxide films, Said method comprising: 

before forming the first amorphous oxide film, terminat 
ing the Surface of the Silicon layer with hydrogen; and 

after Separating hydrogen from the Surface of the Silicon 
layer, forming the first amorphous oxide film on the 
Silicon layer. 

27. A method of manufacturing a Semiconductor device as 
Set forth in claim 26, wherein the Separating hydrogen from 
the Surface of the Silicon layer and the forming the first 
amorphous oxide film are performed within a common 
chamber. 

28. A method of manufacturing a Semiconductor device as 
set forth in claim 26, wherein the first amorphous oxide film 
is made of a metal oxide Selected from a group including at 
least SiO2 and Al-O, and wherein the Second amorphous 
oxide film is made of a metal oxide Selected from a group 
including at least Al-O. 

29. A method of manufacturing a Semiconductor device as 
set forth in claim 26, wherein the metal oxide film comprises 
a Stack of one or more films of materials Selected from a 



US 2002/0153579 A1 

group consisting of ZrO2, HfO, TiO, Ta-Os, BST, STO, 
PZT and mixtures of these materials with Al-O. 

30. A method of manufacturing a Semiconductor device as 
set forth in claim 26, wherein the metal oxide film or the first 
amorphous oxide film disposed on the Side of the Silicon 
layer is formed by using an ALD System. 

31. A method of manufacturing a Semiconductor device as 
set forth in claim 26, wherein the dielectric film is formed as 
a gate insulating film of a MOSFET in the semiconductor 
device. 

32. A method of manufacturing a Semiconductor device as 
Set forth in claim 26, wherein the Semiconductor device is a 
DRAM device and the dielectric film is formed as an 
insulating film of a capacitor of the DRAM device. 
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33. A System for forming a dielectric film comprising: 
a heating chamber portion for Separating hydrogen which 

terminates a Surface of a workpiece of a Semiconductor 
device; and 

a film forming chamber portion for forming the dielectric 
film on the Surface of the workpiece on an atomic layer 
level; 

wherein the heating chamber portion and the film forming 
chamber portion communicate with each other, and a 
process of Separating hydrogen from the Surface of the 
Workpiece and a process of forming the dielectric film 
on the Surface of the workpiece can be performed 
continuously. 


